Background: Envenomation remains a neglected public health issue in most tropical countries. A better understanding of the epidemiology of bites and stings by venomous animals should facilitate their prevention and management. This study aimed to explore the benefits that could be derived from the compulsory notification of cases as it is now routinely practiced in Brazil. Methods: The Brazilian Notifiable Diseases Information System (SINAN) was consulted online for the 2001-2012 period on all envenomations by venomous terrestrial animals. We studied the incidence, severity, number of deaths, gender, season of accident and time between the accident and hospital consultation. Results: In total, 1,192,667 accidents and 2,664 deaths from terrestrial venomous animals (snakes, scorpions, spiders, bees and caterpillars) were reported in Brazil during these 12 years, the circumstances of which are detailed in this study. Most envenomations and deaths were caused by snakebites and scorpion stings. However, incidence and mortality showed high regional variations. During this period, the steady and parallel increase of the cases from all the species resulted from several factors including the human population increase, gradual improvement of data collection system and, probably, environmental and socioeconomic factors affecting in a different way the incidence of envenomation by each zoological group and by region. Conclusion: Mandatory reporting of cases appears to be a useful tool to improve the management of envenomations. However, local studies should be continued to account for the variability of accident circumstances and refine measures necessary for their management.
Background
The evaluation of the incidence and mortality of envenomation is necessary to advocate measures that aim to reduce the accidents by venomous animal attacks and promote preventive and therapeutic measures, including the supply of appropriate amounts of antivenoms in places where they are most needed [1] . In numerous tropical countries, envenomation remains a major neglected public health issue [2] [3] [4] . However, while the estimation of the burden becomes more precise, there is still no standardized methodology to assess the actual incidence and mortality from envenomations with a reasonable relevance and reliability. Several approaches have been suggested in the literature or by hospital and community surveys which, although providing consistent estimates, remain approximate at country scale, especially in the case of a vast and varied country [5] [6] [7] [8] [9] .
In many ways, Brazil is an interesting model for other tropical countries [10] . Zoological, ecological and socioeconomic diversity of Brazil favors the comparison of epidemiological situations in different environmental contexts. In addition, envenomation is studied for over one century and researches in toxinology belong to the scientific -perhaps even political -Brazilian culture [11] [12] [13] . The notification of cases has been organized for thirty years, and since 2001 the data are directly accessible online [11, 12] . In her recent review, Bochner [14] highlighted the inaccuracy of such an evaluation. Rightly, she pointed that the assessments made by most investigators, especially non-Brazilian ones, did not take sufficient account of the diversity of Brazil, which limited the generalizability of the results from focal studies. Since data collection now seems consolidated and functional, and that access to significant temporal series of data are ensured, it is now possible to make an analysis of the epidemiology of envenomation in Brazil. The first studies began, particularly regarding scorpionism which is predominant in Brazil [15] .
The purpose of this study was to describe the epidemiology of envenomation in Brazil from the data obtained from the mandatory reporting of cases in order to characterize the indicators by identifying at-risk people and circumstances according to geographical regions and major zoological groups. Based on such analysis, it will then be possible to define explanatory criteria of envenomation by venomous animal in Brazil to sustain preventive measures and management of cases and discuss the relevance and reliability of case reporting system to assess incidence and severity of envenomations. This inventory should also help comparisons with the situations in neighboring countries and validate methods for estimating the incidence and severity from other sources than the notification of cases, such as the metaanalysis of epidemiological studies in health facilities or from households, an approach that was already used in Africa and Europe [5] [6] [7] .
Methods
Basic demographic (population, densities, age and gender distributions) and socioeconomic (Gross Domestic Product -GDP and Human Development Index -HDI) information was collected from the site of the Several variables -including the age, gender, year and season of the accident, time between the accident and arrival at hospital, severity and mortality of envenomations -were analyzed and compared, first between the different states of each region, and after aggregation at the regional and national levels for each zoological group of venomous animals, particularly snake and scorpion. The sex ratio expresses the incidence ratio of male to female.
All the data were transferred and analyzed using Excel® software. The trend curves and R 2 correlation indices were Table 2 Yearly number of deaths caused by envenomation in Brazil, 2001-2012   Years  Unknown  Snake  Spider  Scorpion  Caterpillar  Bee  Total   2001  6  70  9  44  0  5  134   2002  3  114  2  58  0  15  192   2003  9  120  5  51  0  7  192   2004  4  114  5  42  4  9  178   2005  4  113  9  48  3  13  190   2006  2  76  9  28  0  13 
Results
Brazil is a wide country divided into five regions, each relatively homogeneous in terms of climate, environmental and socioeconomic aspects (Fig. 1) . Roughly, the climate of northern Brazil is humid equatorial, the center and east regions are dry tropical, and southern shows a Mediterranean climate, with temperate trends. The mountainous areas are limited (less than 3 % of the area of the country exceed 900 m above sea level).
Between 2001 and 2012, 1,192,667 attacks by terrestrial venomous animals were reported (Table 1) . They resulted in 2,664 deaths (Table 2) , showing an overall case fatality rate of 0.22 %. The involved animal species was not identified in 63,123 cases (5.29 %) and 111 deaths (4.17 %). For all venomous animals, the average case fatality rate was less than 0.5 %. The highest case fatality rates were observed after snakebite (0.43 %) and bee stings (0.33 %), while the lowest involved spider bites (0.06 %). Case fatality rates showed neither significant irregularities nor significant changes between 2001 and 2012, regardless of the venomous species.
The average annual incidence (52 attacks per 100,000 population) increased steadily and similarly for all venomous species between 2001 and 2012 (Table 3, Fig. 2 ).
The average annual mortality (0,117 deaths per 100,000 inhabitants) increased in the same proportion (Table 4 , Fig. 3 ).
Regional incidences and mortalities (Table 5) showed: a predominance of snake envenomations in northern Brazil (North, Central-West and Northeast regions); a wide distribution of scorpion stings in all the country, although a higher incidence occurred in Northeast; incidence of spider bites mostly in southern Brazil; and insect attacks (bees and caterpillars) in the South. Incidence variations are detailed in Table 6 . 
Snakebites
Just over a quarter (28 %) of envenomations were attributable to snakebites, which resulted in more than half (54 %) of the deaths provoked by venomous terrestrial animals. There was no regional variation in the distribution of genera involved in snakebites, apart from Lachesis bites which were highest in North region (9 % versus less than 1 % in other regions). The genus Bothrops was responsible for over 70 % of envenomations, Crotalus genus for 7-11 % of cases according to the region, and Micrurus in less than 1 % of envenomations whatever the region. The snake was not identified in 15 % of cases. The sex ratio was 3.4, very significantly skewed in favor of men considering a similar risk for both genders (p = 4 × 10 −11 ). Male victims accounted for over 70 % of snakebites, regardless of the region. Only in Amapá, where over 84 % of bitten persons were males, the sex ratio differed by more than 2 standard deviations from the mean.
The specific incidence increased with age until 65 years old and then decreased. It showed the same characteristics in all regions, with the exception of the North, where young people from 10 to 60 years were the majority (Fig. 4) .
The severity of envenomation was similar in all regions: 50-60 % of the cases were asymptomatic or mild, 35-40 % consisted of moderate envenomations, 6-9 % were severe envenomations and 0.2 to 1 % of the cases evolved to death, especially in the North of the country. Sequels, which severity was not specified, were mentioned in 3.5 % of snakebites between 2001 and 2006. In subsequent years, the information was no longer available.
The seasonal incidence of snakebites was higher from November to May in all regions. However, differences according to seasons were more pronounced in the southern region.
The time between the bite and arrival at hospital was very heterogeneous in all regions (Fig. 5) . Nevertheless, 
Scorpion stings
Scorpion stings were the most frequent accidents inflicted by venomous terrestrial animals in Brazil (41 %) and were responsible for 30 % of deaths. At nationwide the sex ratio, close to 1.03, seemed balanced (p = 0.85), as highlighted by Reckziegel and Pinto [15] . However, it was observed a considerable disparity between regions and states. For example, men accounted for 66 % of scorpion stings in the North region against 46 % in the Northeast. In southern Brazil, the percentage of men stung by a scorpion was 57 % in Southeast and 54 % both in Central-West and South regions. However, despite a large apparent dispersion, no state showed a sex ratio outside 2 standard deviations.
The specific incidence increased with age and decreased after 65 years in all regions (Fig. 6) .
The severity of the envenomation differed in North region where only 60 % of stings were asymptomatic or mild against 80-90 % in the other four regions. Moderate envenomations accounted for 35 % in North region while less than 15 % elsewhere. Severe envenomation were 4 % in the North region and less than 2.5 % in all other regions. Finally, case fatality rate was similar in most regions (0.2-0.3 %) except in the South region where it was nil.
The seasonal incidence showed no variation in northern Brazil and a very small decrease in the South, especially in the Southeast region from April to August.
The time before arrival at hospital was short in all regions, although the consultations were later in North region. About half of the patients were seen during the first hour (35 % in North region) and more than threequarters arrived at the hospital before the third hour, including in northern Brazil, where consultations spread regularly during the first three hours after the sting.
Spider bites
Spider bites consisted of 21 % of attacks and 6 % of deaths by terrestrial venomous animals, with a strong variation according to the regions and even states ( Table 6 ). The species responsible for the bite was not identified in 32 % of envenomations. Loxosceles were involved in 56 % of cases in which the species has been recognized, Phoneutria in 21 %, Latrodectus in 0.6 % and other species in about 22 %. However, the proportion of Loxosceles bites was 65 % in the South region, while it was 25-30 % in all other regions. For other species, the incidence was similar in all regions. The sex ratio was balanced (1.01; p = 0.94) in the entire Brazil with a significant disparity between regions but relative homogeneity within it. In five states, the sex ratio was outside 2 standard deviations from the mean, particularly in the North region (Amazonas, Roraima and Pará). In the South, 46 % of spider bites victims were men, while in Northeast they were 58 % and in the North up to 64 %.
The specific incidence by age group was similar in all regions except in Central-West region, where it was very low before age 20. It showed a peak between 20 and 40 years and then lowered regularly in older persons (Fig. 7) .
The severity of envenomation by spider bites was consistent across all regions. Asymptomatic or mild bites accounted for 70 to 85 % of the cases; moderate envenomations, 10-25 %; and severe envenomations, 0.5-2 %. The case fatality rate was between 0.1 in the South and Southeast regions, and 0.3-0.4 % in the others.
The seasonal incidence was steady during the year in all regions except in the South region, where the incidence significantly decreased by two thirds in winter (Fig. 8) .
The presentation at the hospital was usually early in all regions. However, in the South region, more than Fig. 4 Age-specific snakebite incidence (per 100,000 people) in Brazil according to age group and region 30 % of consultations occurred after 24 h (Fig. 9) . They also accounted for a significant proportion (15 %) in the North region.
Bee stings
Accounting for 6 % of envenomation cases and 9 % of deaths, bees were weakly represented, but showed high severity. The sex ratio was 1.74 (p = 0.02). Between 60 and 68 % of the bee stings involved males with a fair homogeneity according to the regions and within them.
The specific incidence by age group was similar in all regions, which was relatively low in people under 20 years and peaked in persons between 20 and 40 years, corresponding to 35 and 40 % of all bites and a rapid decrease in older persons.
The severity of bee stings was consistent across all regions. Asymptomatic and mild stings accounted for 80 to 90 % of patients; moderate envenomations, 10 to 18 %; and severe envenomations, 0.8 to 1.3 %. Case fatality rate was 0.3 to 0.4 % in all regions.
The seasonal incidence decreased in winter, more accentuated in southern than in northern Brazil (Fig. 10) . The time before arrival at the hospital was brief in all regions. Between 60 and 75 % of the patients arrived within three hours after the accident.
Caterpillar envenomations
Caterpillars, especially those belonging to the genus Lonomia, were responsible for 4 % of envenomation and 1 % of deaths provoked by venomous terrestrial animals. The distinction between Lonomia and other genera of caterpillars was no longer specified after 2006.
The sex ratio was 1.37 (p = 0.15), 58 % regarding males, showing a good homogeneity between the regions. There was no variation in incidence as a function of age.
The severity of envenomation by caterpillar was consistent across all regions showing mild envenomations in 88-95 % of patients, moderate envenomations in 5-11 % and severe envenomations in 0-1 %. Case fatality rate was nil in Central-West and North regions, by 0.1 in South and Southeast regions and up to 0.3 % in Northeast region. The seasonal incidence was steady during all the year in North and Northeast regions. However, in Central-West, Southeast and South regions, it showed a dramatic reduction between May and October.
Patients arrived early at the hospital in all regions. Consultations occurred in less than one hour in 40-60 % of patients, and for 80 % of all patients in less than three hours.
Discussion
The incidence of envenomations is the consequence, on the one hand, of the biology and behavior of the animal responsible for the envenomation which explain its presence and abundance in a particular place and, on the other hand, human activities that put victim in contact with the animal. Mortality results from both the toxicity of the venom, associated with the amount of inoculated venom, and precocity and effectiveness of treatments. This does not exclude the role of either cultural (perception of the animal by the victim and his entourage) or circumstantial (accessibility of health centers) factors which influence the healthcare seeking behavior, use of hospital treatment, the efficiency of which depends on the available means.
The description of the epidemiology of the envenomations involves two major problems. The first concerns the source of the data as highlighted by Bochner [14] . Data based on focal studies often lack representativeness and reliability at state and regional levels due to high variability of environmental and economic conditions impacting on risks of animal encounter. However, in many cases, as until recently in Brazil, they are the only ones that are directly accessible. As a result, their analysis requires the use of statistical models to produce useful information. This was never done in Brazil, to my knowledge, but was tested in Africa and Europe [5, 6] . Case reporting, now available online in Brazil, brings an elegant and reliable solution. The second problem regards the scale of analysis that would allow health authorities to organize the prevention and management of envenomation. The main objective of this study was to provide baseline data useful for the validation of methods capable Fig. 6 Age-specific scorpion sting incidence (per 100,000 people) in Brazil according to age and region of assessing incidence and severity of envenomation in the absence of reporting of cases. In addition, it could serve to explore epidemiological methods to define a relevant scale for further analysis.
The data from the Brazilian Notifiable Diseases Information System (SINAN) are available online only since the early 2000s [11, 12, 14] . Previously, they were accessible through the administration or CD-ROM, which did not allow foreign investigators to use them and led to very poor assessments [14] . However, this did not avoid a certain inconsistency of information characterized by high irregularity and obvious underestimations (Fig. 11) limiting the ability to produce a reasonable estimate of the incidence of envenomation. Thus, the comparison of the annual incidence of snakebites before 1999 (incidence between 8.32 and 10.74 per 100,000) showed a wide disparity with those recorded after 2001 (14.04/100,000). In addition, the updated data is permanent and some states provide records with a lag, sometimes after one or two years. Accordingly, the presentation of data may differ depending on the online interrogation date of the database. This may explain low variations -which do not affect the analysis and interpretation -according to reports or publications [14, 15] .
One of the simplest assumption is that the increase in the number of cases follows the growth of the population, which should not modify the incidence. Consequently, the significant increase in the incidence and mortality over time indicates that other factors might be Fig. 7 Age-specific spider bite incidence (per 100,000 people) in Brazil according to age group and region involved since 2001 (Figs. 2-3) . The improvement of case reporting system was probably a valid reason, which suggests that data collection was more precise -especially in some states -but maybe that healthcare seeking behavior of the patients evolved and that they came in higher number to the hospital.
Certainly, changes in the behavior of animals and human activities affect morbidity at various levels. Some studies showed the impact of the environmental factors or ecology of venomous animals on the incidence of envenomation. A well-established example is the growth of arachnid populations -and the change in species composition -in the suburbs of big cities [16] [17] [18] [19] . However, the ecology, biology and behavior of venomous animals require further studies to better understand the risk factors attributable to them.
Bochner and Struchiner [20] showed the significant influence of socioeconomic factors, such as illiteracy or agricultural activities, on snakebite incidence. The inverse correlation between the Gross Domestic Product (GDP) and the incidence of snakebites is at the limit of significance (r = −0.36; p = 0.06). However, there is no correlation between GDP and the incidence of accidents with other terrestrial venomous animals. The Human Development Index (HDI) is negatively correlated with the incidence of scorpion stings (r = −0.43; p = 0.03) but positively with spider bites (r = 0.38; p = 0.05) and envenomation per caterpillars (r = 0.42; p = 0.03). Finally, literacy is inversely correlated with the incidence of scorpion stings (r = −0.57; p = 0.002) but not with other accidents by venomous land animals. However, it is likely that each factor does not apply in the same manner to every situation and the impact of some of them could be different in various places or circumstances. Discrepancies of correlations between the economic indicators and incidences could be explained by the circumstances of the accidents which socioeconomic characteristics and environmental factors differ depending on the animals.
The population density may appear as a relevant synthetic indicator, especially regarding snakebite. The inverse correlation between population density and the incidence of snakebites in each of the 27 Brazilian states is highly significant (r = 0.66; p < 1.6 × 10 −4 ; Fig. 12 ). The relationship is consistent with other findings, particularly in Africa [5] . It is therefore possible to consider that, firstly the poor urbanization and human densities, and lower economic development of northern Brazil promote the growth of snake populations, and secondly agricultural activities increase the risk of snake-man encounters. In contrast, the population density is not correlated with the incidence of snakebites in Europe where agriculture reached a homogeneous level of industrialization [6, 7] , or in Bolivia where variations in elevation mask the effect of demographics [21] . The important imbalance of sex ratio of snakebites, while it is weak or absent for other venomous land animals, probably reflects the difference of risks, with regard to the distribution of animals and/or human activities. This could confirm that snakebites rather result from agricultural activities, assuming that they involve men more than women.
The situation is different regarding other venomous animals. It was not observed a significant correlation between the population density and incidence of envenomation by scorpion, spider, bee or caterpillar. In addition to the environmental factors certainly important, it is likely that arthropods are more adaptable to suburban or urban conditions than vertebrates [17, 18, 22] . Thus, if scorpion stings seem fairly widely distributed throughout Brazil (with the notable exception of few northern states and those of the South region), spider bites, bee stings and caterpillar attacks were predominant in southern Brazil, especially spider envenomations, which incidence is more than ten times higher in the South region than in the others (Table 5) . Accidents caused by arthropods are less related to professional activities and occur more often at home and sometimes even at night [17-19, 22, 23] . It could also explain a more homogeneous incidence according to the gender and age.
In addition, a higher case fatality rate in northern Brazil, could be related to case management, possibly less efficient than in southern Brazil where the availability of treatment resources is better. Other indicators could be proposed: the urbanization rate or frequency of family farms might be more accurate, but they were not obtained for all Brazilian states. Fig. 9 Time to presentation at the hospital after spider bites according to the region An analysis at a more focal scale, as it was recently tested in the state of Rio de Janeiro, covering all factors would certainly be very informative and more accurate [20] .
The incidence of snakebites is lower, even in northern Brazil, than that expected in comparison with Africa and Asia [2, 3, 5 ]. An explanation is indirectly suggested by Padoch et al. [24] who observed that Amazonian peoples divided their time between the city and the forest according to the seasons and agricultural activities. Thus, their presence in rural areas, i.e. the period at risk because most snakebites occur outside cities, is reduced over time decreasing the expected incidence.
The proportion of envenomation in children younger than 10 years -which represent 20 % of the Brazilian population -is about 20 % with respect to the caterpillars and bees, 12-14 % for arachnids (spiders and scorpions), but only 8 % for snakes. This suggests that exposure to snakebite is higher in people between 10 and 70 years, probably related to agricultural activities (Fig. 13) , which concern mostly adults. However, especially for accidents caused by arthropods, one cannot exclude a reporting bias -especially in adult patients with mild symptoms that may not consult in health centers -related to the severity of envenomation and behavior, especially in urban populations. This would explain the greater severity of scorpion envenomation in the North region (about 40 %, while it did not exceed 15-20 % in the others).
In Argentina, de Roodt et al. [17] , using a similar methodology, showed a decrease of scorpion stings with age and a high prevalence in children and teenagers. This can be explained by more systematic consultations in case of stings in young than in adults, in whom the severity of envenomation appear milder. Between 2001 and 2012, the number of consultations for scorpion stings was multiplied by five, while the number of moderate scorpion envenomations doubled and those of severe envenomations or deaths remained stable (Fig. 14) . While it is possible that the management improved [23] , it seems that the difference is explained rather by a dramatic increase in mild bites, i.e. a higher hospital attendance.
The severity of envenomation according to age varies according to the animal species as shown by the case Fig. 10 Seasonal incidence of bee stings according to the region fatality rate (Fig. 15) . Regarding snakes and bees, case fatality rate is higher in children and the elderly. Children, in particular between 5 and 10 years, seem more vulnerable to scorpion stings, which corroborates previous observations [15, 23] . Case fatality rate is constant throughout life regarding spider bites. The severity of bee stings can be due either to envenomation by a large amount of venom inoculated after multiple stings, or anaphylactic shock and allergy [25] . In children whose body volume is smaller and who generally have not been yet sensitized, envenomation is likely to be the commonest way for severity, while in adults the two etiologies should be considered.
Conclusion
Every year in Brazil, there are about 100,000 envenomations following bites or stings by venomous terrestrial animals, resulting in 220 deaths. Over a quarter of the accidents -but half the deaths -result from a snakebite, while more than a third of cases and a quarter of deaths are the consequence of scorpion stings. In addition, each year nearly 1,000 patients suffer from sequels, the severity of which was not detailed, following a snakebite.
Snakebites are three times more common in men, whereas for other venomous land animals, the sex ratio is generally more balanced even if there are some regional differences. The incidence of envenomation increases with age until 65 years and then decreases. The results are consistent with higher risks in rural areas, especially for snakebites, and/or peri-urban areas for arthropod attacks.
Less than 10 % of envenomations are described as severe, and case fatality rate, constant over time, remains below 0.8 %. It increases at both ends of life -in children under 10 years and people aged 60 and over -especially with regard to scorpion stings. The change in the seasonal incidence is not marked in northern Brazil while in south, incidence decreases between April and May, and from September to October.
Overall, the time between the accident and the medical care is brief -less than three hours -for the most cases of envenomation, which explains the favorable clinical evolution in numerous cases.
Mandatory reporting of cases, if functional and in routine, produces important indicators to improve the prevention and management of envenomations. It leads especially to provide relevant epidemiological data for health authorities in order to adjust the therapeutic offer, including antivenoms, in respect to the quantitative, qualitative and geographical actual demands. This approach, highly useful, does not exclude the importance of more focused studies that specify many parameters, such as the clinical presentation, evolution and consequences of envenomation, treatment customs, geographic and cultural specificities, and other factors that can affect the treatment of envenomation. 
